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(g) High voltage switch. 



@ A spexk gap switch indudes a housing fomv 
Ing a cavity (104). a first electrode (106), and a 
second electrode (114). The first electrode has a 
hollow tubular portion with an inner surface 
having a generally circular cross-section per* 
pendrcular to an axis (112) and extends along 
ttie cavity from one end of the cavity. The 
second electrode (114) has a generally circular 
cross-section perpendicular to the axis and 
extends along the cavity from the other end of 
the cavity. The second electrode extends at 
least partially into the hollow tutMJiar portion 
formed by the first electrode. 
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This invention relates generally to high voltage 
switches and xnore particularly to a spark gap switch 
triggered by a change in pressure. 

Spark gap switches have many uses in high pow- 
er applications with short switching time Intervals or 
short pulse durattons. The basic spaik gap swHch in- 
cludes a housing and a pair of electrodes. When a 
high voltage is applied to the electrodes, an arc is cre- 
ated between the electrodes and current is allowed to 
pass through the switch. 

Typically, the main electrodes of a spark gap 
switch are basically pins or rods with the ends pointing 
at each other. Therefore, when an arc forms between 
the electrodes ail the cunrent passes In the area be- 
tween the ends of the electrodes. This creates a high 
current density and furthermore a high Inductance 
switch. 

However, some applications require faster 
switches with shorter onVoff time intervals and have 
higher power requirements than Is typical of conven- 
tional switches. Furthermore, reliabSity and a longer 
useful life are desirable. Safety, that is. the prevention 
of random firings of the switch, is another key issue. 

The key factors In achieving these requirements 
are lowering the inductance of the switch and de- 
creasing the electrical losses. The cleanliness of the 
switch's inner surfaces also influences safety, reliabB- 
ity and the usefid life of the switch. 

According to the present Inventton a switch com- 
prises a housing fonming a cavity; a first electrode ex- 
tending along the cavity having a hollow tubular por- 
tion with an inner surface which has a generally circu- 
lar cross-section perpendicular to the axis of the tub- 
ular portion; and a second electrode having first and 
second ends of which the first end is connected to the 
housing, and the second end has a generally circular 
cross-section substantially perpendicular to the axis 
and extends in the cavity along the axis at least par- 
tiially Into the hollow tubular portion of the first elec- 
trode. 

in the accompanying drawings: 
Fig. 1 is a stylized representation of a sparic gap 
switch having first, second, and third electrodes, 
according to an embodiment of the present inven- 
tion; 

Fig. 1 A is a stylized representation of a spark gap 

switch having first and second electrodes, ac- 
cording to a second embodiment of the present 
invention; 

Fig. 1B Is a stylized representation of the second 
electrode of Figs. 1 and 2 and a trigger electrode, 
according to an embodiment of the present inven- 
tion; • 

Fig. 2 Is a stylized representation of an altemate 
embodiment of the second electrode of Figs. 1 
and 2; and. 

Fig. 3 Is a block diagram illustrating the operation 
of the spark gap switch of Fig. 1. 



With reference to Fig. 1, a switch 100 having a 
housing 102 is provided. In the preferred embodiment 
the housing 1 02 includes a body 1 20 and first and sec- 
ond end portbns or endcaps 106,110. The housing 

5 102 has a generally circular cross-section centred 
about an axis 112. The body 120 and first and second 
endcaps 106,110 fomi a pressurised cavity 104. The 
first and second endcaps 1 06,1 1 0 are composed of an 
electrically conducting material, preferably copper or 

10 a copper alloy. 

The body 120 is composed of an insulating ma- 
terial. In the preferred embodiment, the body 120 is 
composed of polycarbonate. The body 120 has an ex- 
terior surface or wall 122 which is, preferably, 

15 grooved. The body 120 has an Interior surface or wall 
124 which Is also, preferably, grooved. 

In the preferred embodiment, the first endcap 1 06 
fbnns a first electrode. However, the first endcap and 
the first electrode may be separate. 

20 The first electrode 1 06 has an inner surface 1 08. 
The Inner surface 108 has a generally circular cross- 
section perpendicular to the axis 112. The inner sur- 
face 108 extends along the cavity 104 in a first direc- 
tion along the axis 112, fonming a hollow tube. 

25 Asecond electrode 114 hasfirstand second ends 
116,118 and in the preferred embodiment is connect- 
ed to the second endcap 11 0 at the first end 116. The 
second end 118 of the second electrode 114 has a 
generally circular cross-section perpendicular to the 

30 axis 112.The second end llSofthe second electrode 
114 extends into the cavity 104 in a second direction 
along the axis 11 Z Preferably, the first and second di- 
rections are opposite. In the preferred embodiment, 
the second end 116 of the second electrode 114 ex- 

35 tends at least partially into the hdtow tube fonned by 
the first electrode 102. 

In one embodiment, the first and second electro- 
des are composed of a copper alloy. In another enn- 
bodiment, the second electrode 114 includes a re- 

40 placeable tip portion. The tip portion is composed of 
tungsten or a tungsten alloy. A suitable altoy is Elkon- 
ite, which consists of tungsten and copper. 

In the preferred embodiment, the second elec- 
trode 114 is tapered. That is, the thickness of the sec- 

45 ond end portk)n 118 of the second electrode 114 de- 
creases towards the end, thereby Increasing the dis- 
tance between the first and second electrodes 
106,114. The tapering of the second electrode 114 
minimizes the firing or arcing of the switch 1 00 toward 

so the end of the second electrode 114 and reduces 
wear. 

The operating characteristk:s of the switch 100 
may be modified by varying the distance between the 
first and second electrodes 106,114. In the prefenred 
56 embodiment, this is accomplished by changing the 
outside diameter of the second electrode 114. With 
reference to Fig. 2, an alternate second electrode 202 
for the switch 1 00 of Fig. 1 is shown. As illustrated, for 
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a small diameter electrode, the first end portion is 
flanged to add mechanical stability. 

In the preferred embodiment, the switch 100, in- 
cludes a third electrode 130. The third electrode 130 
is electrically connected to the first electrode 106. The 5 
third electrode 130 has a generally circular cross- 
section perpendicular to the axis 112 and extends 
along the axis 112 towards the second electrode 114. 

In the preferred embodiment, the second elec- 
trode 114 forms a second hollow tube. The third elec- io 
trode 130 extends into the second hollow tube. The 
distance between the second and third electrodes 
114,130 (D1) is preferably less than the distance be- 
tween the first and second electrodes 106,114 (D2). 

The sv^tch 1 00 may include an Insulating tubular is 
Insert 132 situated in the hollow tube formad by the 
second electrode 114. The insulating tube 132 reduc- 
es the weight, adds mechanical stability, and reduces 
the gas volume forfester on/off cycling rssponse. Pre- 
ferably, the insulating tube 1 32 b also composed of a 20 
polycarbonate and fonns part of a gas outlet port 126. 

A quartz window 136 permits introduction of a 
brief pulse of ultraviolet radiation to trigger the switch 
1 00. The use of the quartz window 1 36 to trigger the 
switch 1 32 Is used as an alternative triggering method 25 
or to assist at higher repetition rates to fire the switch 
with appropriate synchronization. 

Afibre optic probe 1 34 senses the optical spectra 
emitted when the switch is firing. As shown, the probe 
134, penetrate approximately halfway into the body 3o 
120 because polycarbonates allow visible light to 
pass. 

The housing 102 is held together by a plurality of 
screws. In the preferred embodiment, the screws are 
composed of nylon. Sealing gaskets or O-rings seal 35 
the Juncture between the endcaps 106,110 and the 
body 120. 

With reference to Fig. 1A, in an alternative em- 
bodiment, the switch 100 includes at least one gas in- 
let port 128M28-, in the body 120 of the housing 102 40 
(two are shown). 

The switch 100 can be talggered by three meth- 
ods, individually or In combination; ultraviolet radia- 
tion (described above), pressure (described below), 
and by a trigger electrode 138, as shown in Fig. IB. 4S 
In the preferred embodiment, the trigger eiecbrode 
1 33 includes a copper tube 140 and a brass ball 142. 
The copper tube 140 passes through the centre of the 
insulator 132 and the second electrode 114. In the 
preferred embodiment, the trigger electrode 1 38 is fed so 
a trigger pulse signal through a screw 148 and washer 
144 arrangement, as shown. The trigger pulse signal 
creates an arc between the trigger electrode 138 and 
the second electrode 114 by locally extorting the elec- 
tric field. The arc Ionizes the gas in the cavity 104, trig- ss 
gering an arc between the first and second electrodes 
106,114. An insulator 146 Isolates the screw 146 from 
the second electrode 114. 



With reference to Fig. 3, a means 300 fonro a 
short circuit between the first and second electrodes 
106.114. The means 300 contrdlably Increases and 
decreases the pressure of the gas within the cavity 
104 between an open value and a closed value. The 
gas acts as an insulator between the first and second 
electrodes 106,114 under the open value and as a 
short circuit between the fust and second electrodes 
106,114 under said closed value. 

The switch 100 is opened and closed to supply 
electrical power to a load 302. In the prefenred em- 
bodiment the load 302 Is connected to the first elec- 
trode 106. The second electrode 114 is elecblcally 
connected to a high voltage power supply 308. 

A high pressure gas supply 304 Is provided for 
pressurizing the cavity 104. In the preferred embodi- 
ment the cavity 104 is pressurised with sulphur hex- 
aHuoride gas, SFe. 

A pressure release valve 306 releases the pres- 
sure from the cavity 104. 

in the prefenBd embodiment, the cavity 104 Is 
pressurised and unpressurised by actuation of the 
high pressure gas supply and pressure release vahre 
304,306 through the gas Inlet port 128 and the gas 
outlet port 126, rsspectlveiy, by a controlling means 
310. 

Industrial AppltoabnUy 

In operation, the switch is highly reliable, durable, 
compact, low cost, and easily serviced. 

As described, the switch 100 is generally operat- 
ed by controllably increasing and decreasing the 
pressure within the swttch 100. This has two advarv 
tages. First, it automaticalty cycles the gas within the 
cavity 104, thereby lowering the temperature. This 
aids in keeping the electrodes cool. Second, by 
changing the gas within the switch 100 between fir- 
ings, contaminants are removed firom the cavi^ 104. 
Furthennfiore. when the gas is released, the pressure 
gradient created between the firet and second electro- 
des 106,114 favours the fonnation of an arc discharge 
away from the end of the second electrode 114. This 
produces a lower and more uniform current density. 

The controlling means 310 ck>ses the switch 100 
by opening the pressure relief valve 306 and releasing 
the SFe 9^8. Typically, the switch 100 Is pressurised 
to approximately 6 atniospheres. However, pressures 
up to 12 atmospheres may be used. 

When the pressure reaches a certain value (de- 
pending upon the switch characteristtos) the switch 
100 wOl nre. When the switch 100 fires, an arc Is 
fomned between the first and second electrodes 
106,114. The electrodes 106,114 are designed topro- 
vkie greater surface area for cun^nt to flow between 
the first and second electrodes. This effectively de- 
creases the cunrent density, the ohmk: resistance, 
and the inductance of the switch 100. 
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The third electrode 130 further reduces the resis- 
tance and inductance of the switch 100. In operation, 
within nanoseconds of firing of the switch an arc will 
form between the second and third electrodes 
114,130. This second arc occurs after the first arc be- 5 
cause the gap between the second and third electro- 
des. 114,130 (D1)p is slightiy larger than the gap be- 
tween the first and second electrodes 106.114 (D2). 
Furthermore, the frst arc produces ionizing ultraviolet 
radiation which expedites the triggering of the second io 
arc. 

The grooves In the Inner and outer surfaces 
122,124 of the body 120 aid in increasing the voltage 
insulation between the endcaps and electrodes 
106.110.114.130. The tapering at the end of the sec- is 
ond electrode 114 helps reduce the wear at the tip, 
switching on speed, further reduces the Inductance, 
and Increases the lifespan of the electrode 114. 

Furthermore, the rugged design and ease of dis- 
mantling and assembly make the switch very service- 20 
able In the field. 

The switch has been tested between 15>300 KV 
(in an external air environment). IHowever, t>y scarfing 
the design up, the switch should be able to handle vol- 
tages up into the megavolt range. The operating char- 25 
acteristlc of the switch 1 00 can be modified by chang- 
ing the diameters of the first and/or second electrode 
106,114 or by scaling the dimensions of the entire 
switch 100. 



Claims 

1. A switch comprising a housing (102) fomning a 
cavity (104); a first electrode (106) extending 35 
along the cavity having a hollow tubular portion 

with an inner surface (108) which has a generally 
circular cross-section perpendicular to the axis 
(112) of the tubular portion; and a second elec- 
trode (114) having first and second ends 40 
(116.118) of which the first end Is connected to the 
housing, and the second end has a generally cir- 
cular cross-section substantially perpendicular to 
the axis (112) and extends in the cavity along the 
axis at least partially into the hollow tubular por- 45 
tlon of the first electrode. 

2. A switch according to claim 1 , wherein the tubular 
portion of the first electrode (1 06) defines one end 

part of the cavity (1 04). so 

3. A switch according to dalm 1 or claim 2, the first 
electrode (106) is provided nearer one end of the 
cavity and the second electrode (114) extends 
along the axis (11 2) into the hollow tubular portion 65 
of the first electrode in a direction away from the 
other end of the cavity. 



4. A switch according to any one of the preceding 
claims, wherein the housing includes a body 
(120) composed of an insulating ntateriai. 

5. A switch according to daim 4, wherein the insu- 
lating material comprises a polycarbonate. 

6. A switch according to daim 4 or daim 5, wherein 
the body (120) has a generally drcular cross- 
section perpendicular to and oenbad about the 
axis (112). 

7. A switch according to any one of dalms 4 to 6, 
wherein the body (120) has an exterior wail sur- 
face (122) which is grooved. 

8. A switch according to any one of daims 4 (0 7, 
wherein the body (120) has an Interior wall sur- 
face (124) which Is grooved. 

d. A switch according to any one of the preceding 
claims, wherein the cavity (104) is ananged to be 
pressurised. 

10. A switch according to daim 9, wherein the cavify 
(104) is pressurised with sulphur hexafluoride 
gas. 

11. A switch according to any one of the preceding 
claims, which indudes means (300) for forming a 
short circuit between the first and second electro- 
des (106,114). 

12. A switch according to daim 11 when dependent 
on dalm 9 or daim 10. wherein the short circutt- 
fonning means (300) includes means for control- 
lably increasing and decreasing the pressure of 
the gas within the cavity (104) between an open 
value and a dosed value, wherein the gas acts as 
an insulator between the first and second electro- 
des (106,114) under the open value and as a 
short drcult between the first and second electro- 
des under the dosed value. 

13. A switch according to any one of claims 9,10 or 
12, wherein the cavity has a gas inlet port (128) 
and a gas outlet port (126). 

14. A switch according to any one of daims 1 to 8, 
wherein the cavity has a quartz window (1 36) and 
wherein the switch Is arranged to be triggered by 
ultraviolet radiation. 

15. A switch according to any one of claims 1 to 8, in- 
duding a trigger electrode (136). the switch being 
arranged to be triggered by a bigger pulse signal 
applied to the trigger electrode. 
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16. Aswitch including a third eiectrode (130). 

17. A switch according to dalnri 16, wherein the third 
electrode (130) Is electrically connected to the 
first electrode (106). 5 

1 8. A switch according to claim 1 6 or claim 17, when 
dependent on claim 2 or claim 3, wherein the third 
electrode (130) has a generally circular cross- 
section perpendicular to the axis (112) and ex- io 
tends along the axis (112) in a direction away from 

the one end of the cavity. 

19. Aswitch according to dalm 18, wherein the sec- 
ond electrode (114) forms a second holtow tubu- 15 
lar portion and the third electrode (130) extends 

Into the second hollow tubular portion. 

20. A switch according to claim 19, wherein the dis- 
tance between the second and third electrodes 20 
(114.130) is less than the distance between the 

first and second electrodes (106,114). 
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